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PURPOSE: To improve conductivity by forming a spacer 
region consisting of a transparent oxide having 
conductivity, 

CONSTITUTION: An oxide spacer region 22 is provided 
between an upper mirror 24 and an active layer 16. It is 
also possible to provide an upper and a lower mirrors 
24, 12 so that further spacer region 14 can be provided 
between the active region 16 and lower mirror 12. A 
transparent oxide having conductivity may be a tin-doped 
indium oxide (ITO) or doped GalnO material. The doped 
GalnO material shows good transparency in the entire 
part of the optical region and therefore it is superior 
to ITO in the point that it is possible to be used 
suitably for wider range of the wavelength of the 
emitted light. Conductivity can also be improved by 
forming a spacer region 22 consisting of a transparent 
oxide having conductivity. 
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t imm i ] worn® t , t , ^~ 

^— f fHWtiis^ § fix v ^imca i trafeossii . 

Gal n O s 989i&ri£. ffcSaitlE 
tff£JI4 ] ±fflH3j;tfTffl$ 7-£Mfc:#U liiiE 

tigrass 5-t <oisca{tt*fcv^s „ mm. i tie 

t 6 ] lu E^SiiiffifBKM^E^fiSs 
TJ>6. It^4fcfe»<7)3gg. 

imms ) mmmt&nmfty-i *- vx-$> 

■5, ISfcEltelBttaiSE. 

sfitn?i. tmm i tE««sH. 

10] ^6r< 1 1 fflSiSffifMfc J;t/MKg 

ft, BMW. ioTHifLTV^ v 
fi5K3lltl2««^„ 

[ft ^Jg 1 1 ] lSfiE±S5 7»B*4 < i: t> 1 oco# 
SS^fi^S. IS£>H4tlB»<0§Sg. 

1 2 ] «ifto^»*¥iai*ifrt-ftrM 
fffi&it i x mm,® t mm*} § titzm 
vmm , sBjia^©* * tft*> * t £ 



mm 1 4 ] mmMm^mtz±.^^-vm 
mtmfcztix^z, mmi 3t^aes^um. 
mm 1 5 ] MBToEs BiriEaffit huist 

m 

[00 0 1] 

[ffiW«f5-T4 £fg§ (resonant 

cavi ty) 3t^S L . ft fcSlISJISSffllfeje V — f 
(vetical cavity surface emitting laser) (VC SE 
L) *fc(l*«{»»K^-f*-H (resonant cavity lig 
hi emitting diode), SfS^SEMjr^g (resonant- 
cavity vertical optical device) fcJ!"t'& „ iiltcD 

[0002] 

AffiWttt. VCSEUJ, ftJKBiSr 

^^ftiStHf StiiiS. ( A 1 , G a ) Asi 
fcfi (Al , Ga) (In, P ) £fc'C5¥»flc*m#>fe 

W« {DBR) ^if^JSS^iiSim^Jfffim^^ffi 
«Sft.Tv»TfcJ:vi. ;«ia^vcsEL(i, Jew 
ell, J.L. 6« rg&m&Mltfcl'-V : 
ISffs RS;^, ®SiJ±WISftttj IEEE Jour 
rial of Quantum Electronic 
s, vol27. No, 6, 1991^6J^,mi33 
2-1 3 4 6Kfc*SWtBB^?flTV^. VCSEL 

SiU ±i5^S(top emitting) fc LTffijSLT^, T 
ai^3feM(bottom emitting) t LT«SLTfcAV^. £ 
«J:^4VCSEL(C^TU:. 

[0003] 

[ H B J^'«¥^ Li3<t-r§ifiH]VCSEL 
ttPS*ff^-SVCSELt:fcHT#fc:Hffit5:4. * 

€ ; ^^>, %<nis>y>v^xm*mimi %i:xrx-h 
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0-3 om>e>&Eizm*)&t%is&mm*ftt&¥ 

[ooo4] znnmrmmMzfonmmK *a# 
mm 2 4 5 6 2 zmm±. 
wm.<Msm&%< t ^iM^^-bmx^-^u 
mb <rmt$m. mffi&mm®£Bwzit% z 1 1 x 
->xis-v%m*m^&. zwmt. mm^< 

I^^H (optical cavity)(7J-^£ffl®-f§^. jfftg 

izm^%mmmm>mb u imzimzmzz^ 

3$r(tttff£6£^, ^fflfl^S 2 4 5 6 2 2^fcfc 

GaAsJffciWftF-TiT) I nGaPJf £#^2,, 
[0005] Xafflfrflf 5 1 1 5441 WL£ 

<< u rmmmm±^z{m Lx»ztw>c&*jt 
iz^y-bmmm tests L/o * & , v c s e l £ bbss 

6. 3fr^B$i0J§J§&. 1X1 0 3 *^ 1X1 O 5 ^" 1 cm 
- 1 WilfiS I , >Jp& < t fe 8 0 X03Bffia*fc i V" 

i o %*it co«jR¥^^t * . * f s t&mtmi (c 

admium tim oxide)&J;JM y^A»ffc!$J (indium t 
in oxide)**, i^o^fflSffi^jjWSae^Wfc: 

m& i mmmM<r3mb ixtixtztix^i . vcs 

b rwz-HLJetu&sittiz t *\ m a t i n . m . 

A. Electronics Letters, 1 
994^2JU7B, vol. 30.JB318-320 

Will ®S**±ai5 5-feJ:VJ:S^-Hmtt8: 

*H1£ffc£5 2 6 6 5 0 3^(3, J£ttHj&9&j£Ssh.$ 

yf*-f •yf-fllii^3"5-0>6VCSEL£\ H^LT 

m&x mFSu nm b mmx ^ s t <o * ajg 

526 6 5 03^(4. £^8^fcIBS'f tfy&Atrfr 
o Z b K 1 *) fSSSIM* JBjfc-f ■& i t * LT ^ 4 . 

i. xi-ymbixmm-tmi. v&kTfrs-v 



[0007] *ffl&i±3BMMtz£*X%*iv£i>0)V 
[0008] 

ixtm^.mmbm%mzim^iifzmmms=Fb^ 
i-^m^mmmxh-^x, m^-^rmmi±, mm 

xmmm^tii. 

[0009] mmm.m^±, ma&mfr$,%h*. 

i-wmizm&ztix ^x i i \ \ 

[ooio] msmifr-ommwiZjitmikmii, m 

^M ,! Sr<t4 l^<7)K-AVbt-F-7°SfL^Ga 

[0011] ItrlB^Sii. ±gPfcj;VT^S 

fc UIEMfM« t coRatfiS U . 5^ 9iSi*&t 
!SvStt«ii t ISTS! 5 5 - b vmizmf t>i\X ^X h X 

[0012] MIBigiSS 5-(4^«;*>*>*S#*S 5 

[0013] t!Tl^J±i:B»3^S13^U-1>T 

h->X%>£YK 

[0014] ItrlS^lliTS^^SEftl^^-^T' 

[0015] mmm\±mm3t^%- Yxh^x 

[0016] IWBffittflWBlJIfr^V yTHBtft 
[ 0 0 1 7 ] t tluEfE§'ffifl«feJ;T/'ME^« 
R#A M« it!4pm»ff^t J: o Tffli^T t J: 
[0018] MBJigUS 5-ti^< 1 1, 1 ocO^Ml 

t o o 1 9 j trz, *wmm.m^m.7\/4\^ 
mi<vmm&mt*GthT)s4X'h->x. mm 

xmffiMt&tnmtzmztiAzmm-k 
mn%x¥mwxh~>x . mx^-fmit. m&> 
^mw&^-fmimA^^-oxa d . tmm^ a- 
>&mz± ix^z&mizmmziixis *) , •e«o; 
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[0 0 2 1 ] M«M§»«Mr^l5^~^fI1fi± 
[0022] METIS 3 5 Hi, ffE&MttufBTgPX 

[00 23] 

ii, &mm¥mmx'<-vm®<7yj?z< t i> i 

[ 0 0 2 4 ] £ £ T'\ ffflj hit SSE05»3teift£fc: 

^-vmmmmim trm^ y-tmizmn 

[0 0 2 5] ±Ba^**oWWtt*1-4IM*tt. « 

k-tvm v i/'^AKfla ( i to) , ryf-t>-H- 
yff)%m\m (a to) ifca. ^sk-t^im: 

©J (FTO) Cava, R. J. Phy 

s. Lett. 64(16} 1 9 94#4J118B, % 
20 7 1~2 0 7 2SfcH>S3ft.*J:3lC. K-TS*l 
£Ga I nOsfflTiittiU. Cl^fWefcVi 
T, ffiSGa 2 O 3 ^*lfflt'MGaIn0 

( I ntettLTSnl<-tfV^b*fcttGae*fL/CG 
e h'-tfy^-ti,) *J|fflS$iiTV^. £«9«fc3*K- 

rs/utGa i no 3 *mti, 3iewwfi^*(c*>fc-o , r 
ttixtmxfrz, . 

[0026] *5£HH(0jj[j(?)^jSt iWf . &j@Sfc)t^ 



[0027] mm^^i. ±M^-^wA±.izm 
[0028] mmmv~-?itmtktMzMz, w&t 

[0029] r_t^j rygpj r^gijj r Tffij 

[0030] iinFffl 5 * L < if, Hffi 

(distributed) ~f=7 v 0 , #M«J1 

a As V— f ( fflltlf G a A s iJitf A 

tffd^ttSflSftx^-- 9i»W t S tit , 
±S S 7Hifim#, »4 L < i31M#^««jtT"*> o 

[003 1 ] SttStiii, m-7-fc ±t/5E?L**5:Ud&£ 
LT^-+; s m-T4®^T-*0, Miff (ALGa) 
A sfcifOSHBWOfljifcttff* 1 -?0±^bX^X 
i&H. C^fiSttlRWli, »( P hotonic)^>Hdr>v 
TTJBtSr^-e^T^i^ (Ge rar d, J. M. if, 
fPhotonic Band gap of Two- 
Dimensional Crystals], Sol 
id- State Electronics, vol3 
7, No s 4-6, mi 3 4 1-1 3 44jr#M) . 

[0032] mm-mMiz&^xi±, %&mms£v 

S ^.^>^< t 4>-Jr£ hfiB£(post stru 

cture)Mzm^tZ\ t iC Z, oT, JlSf^M(refractiv 
e index waveguiding) SlgBf* . ;w «£ 3 *fS«Cfc 

ffiV^Sf*£*^4»8B*m — 4f i L < ii^fs^ttM 

«»3i^tJ: 0, ffi14fg«TW^fg^lS^(non-radiati 

ve combi nati on) Ci@B* & »BS!I*£ L , 

[0033] mmm^-t&mmw 
ti, waw^aifffi ( break) ti^rs^iiataftic: 

[0034] tlTtc, *^Bj^^MMtov^TI3iB^# 
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[0035] HlfcMKl 0£*1\ S*10±fc«. 

ft. (a) j/fflfrV9*is-%ZTm&Z1xk$mto 
Zmm?? -v ^KftfSSTW 5 5- 1 2 £ . ( b ) 
£tf n - F-7°<?)A 1 G aA s^ft&£¥#frTgiL^ 
-ti«14t, ( c ) Mi.ifGaAs/A 1 GaAs 
#3SSWi^T4^so/I^ft&l>. #fli^#p?Stt 
ttttl 6tT*i. 

[0036] 38t&SBt*£S£-*-&fc*>, 01 tSi- 
95%) mb-yovcfcin. rx7f.xh77j 1 
«2 2 (04&#^bTTiBfc« £3BS&tS*t« 

MV^T^bffiit2 0 (H2#SS) fcJMW-*. fiftft 

&n±Mmtih ±otL, 8Siii£3#£ 1 8#jK* N 
2 0*H^viS«ffifc-tS. £<8JB18«, ^'Jny 

mm^mmiTmm urt»jt^. ft . ; © ± 5 * 
*ma - ffiffi *co&miz$5 tt s ^^isis^ ft § n 

[0037] z.h.£5\*m . mm^mmm^t^ 

mUheoJM^HH 2 2 £ i tf_fc» $5-24 fcJBfcJf 
X h 2 Ofc il^SfWf 1 8 ±fclt»tl. (®4 ) . ± 
gflX^— 9iRtt2 2ii, flitf L e e S . B . ft ( J . 
Vac. Sci. Techno 1 . All (5) 199 
3^9^/1 »2 7 4 2-2 7 4 6KtBipS*l 

» H - r Lfc ^ V ^ AlMSft** ft * 4 . ±* 5 5 - 2 

4 a. tms 5- 1 2 1 nm^ zmuMmf? ■/ ^'k 

fc»03EtHI9tA»ft=5f4. £03 J: a^BMfcifcfc 

tfKffitt^tv 9 o yywmiz*. nx%mzi\h ( s c 

herer A. ft. Electronics Let 
ters 1 99 2^6jl 1 80. Vo 1 28. No. 
1 3. *1 2 2 4jr£TF*S. ) ttlli. ( a ) ~Wt 
*4%tetVZM&fch9>, (b)7WrXy'j3 
VJSitfZiWfcir-f*, £ft(3 (c)3&>3--) 

[0 0 3 8] &fc[l5£#EILT. El~B4£fflHT 

5-2 4*tR(tfcBBP*2 6<0*(cAJ»^2 8t± 



3«^-^Jf 2 2 fcffiMrtS J: 3 Cl&ft. Msia 

3 o * . st< F-r §*tft g a a s m^m 

±«ffc3fcfflVCSELS-#j£fS. 
[003 9] fi|6«T^^MVCSEL!i:, 05«V 
CSELt|^«4*ffiT1BjatS*l5. ftft'U ftM14 
fe itf 1 6 ±<wti y y 7 * -is it/x 7 f - y 
ffVV 5 5- 1 2 *»JiW-4Mfc*x -y f-«JBK?a 
-tikfcloT, iK^F>2 0t»KW-4. sK*h2 0'i 
ag*jSi.3tBBpa3 2*gSfil0t:igltT^5. 4fc 
(±. b-f <?)MS«Cii^TliMi?lI 1 0^ 

[ 0 0 4 0 ] 12 5 0±ffi^3EMV C S E LO^0IJ(C*J 
^Tii, S£l 0«47pBR§tLTV>4n^GaAs^ft^ 

2 0 3nm<55n*MA 1 0 . 6 Ga 0 . B As<?)Jil 4, J5§ 
5 Onmfln'iA 1 0 . 3 Ga 0 . 7 A sjf (SSIWttSF 

. Jf$8nm<^f.-GaAsM^itt : F 
HWte{±K-rL=S:^) s SS5 0nmOA l u Ga 
a. 7 AsJf («HW{C(iH-7'L*l^) , |?80nm 
Wp'IAl^Ga^AsI (Siafi^t(ib'-7 = L^ 
^) . S3 itlfaK-T-LfeffS 1 9 7 nmiOS^ 
«>A«2 2iPft5rS. Sft-O-y^AliKl 0%«t 

5 nral'i,*), Al 0 ,, 5 Ga 0 , 85 AsHM§^. 
l5BSf*lO#*r HWS 7 1. 1 n mX'h *) . A I A s 
#>&#*3#14. _h*5?-2 4»i. HS14 5. 5n 
m^rlH^SSJI 1 2lt, J5§ 1 0 3. 7nmOM 
-ft v 'J a > jf 1 2 S fc i«SS(c|| "J jl LTffMS^lT V i 
4. iffiiS^ftJil8{i, %}6. 2umff>]&t&il, 
yyX^mt (pi asm enimiced) fl^ffli^m-fc>t 

8(4. CrfeitfAuJftfrftEjeSfU. SS&T3 0ti, 
AuGe. NiiSitXAuJgs&^JfM^^. ±IB« 
VCSELt f^acO^ST'R CLE Dgg^«^l> ^ 

flttS £ 1 1 ± 0 . R»Wl«S!«t(«FFflSftT*> 
4. 

[0041] _hfE£OE(iA a ft. l-o<0'jy/77^-X 

[0042] JtfBHM£fflf>£ISffl-m, 1 ^«SSO 
«aww*K!flUfc. L^L. SlffltiSV^Ttt, VCS 

ELifctiRCLED^rifcicrM fr-iao^irew 

^U#4^t. 4ft, rW+«BW«-4VCSEL4 
fc(4 R C L E D fl^Sm^ffiii- , >f ^ >fi A £ ft lift 
SttttrViM (break)SrX^-HfJB2 2i3j;lA'£5-Ji, 
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[0043] 

■tt, *wm£hm^ftmm&, mm, mm 
mi ] Mm^mi&vc sELosjjixn&^-tii 

[@3 ] ^HJJfcfctfSVC SEL««JtlS^tH 



IM5) 
[06] 



] ±mis^ v c s e L<nmmm-c3i § . 

] TffifBtH V C S E L«f»M0T'S> § . 

[ft^OtM] 

10 £K 

12 Ti!S5- 

14 TW.x^--tm® 

16 iSffi^iS 

is ffi^ism^i 

2 0 iJf*MS£ 

2 2 t^X^-VM® 

2 4 JiS55 5- 

2 6 BBPSJ 

2 8 imWSa^P 
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